Adhesion is regarded as the result of interaction between the surfaces of two bodies in contact. To stop this interaction, an effect of certain magnitude is necessary [1] . A key role in adhesive interaction is played by the chemical nature and morphology of the surface layers of the contacting bodies [2] . For thermoplastics, large adhesion interactions are particularly important for bonding. However, in a number of cases it is necessary to lower the adhesion characteristics of the polymer as much as possible. For example, in the manufacture of glass-fi brereinforced plastic tubes based on epoxy composites, use is made of fi lms of polytetrafl uoroethylene as separators to eliminate sticking of the tube being cured to the mandrel on which it is being manufactured, which is fairly expensive. The replacement of polytetrafl uoroethylene fi lms with polyolefi n fi lms is possible provided the sticking of the latter to epoxy resin is lowered. A known method for controlling the adhesion characteristics of thermoplastics is their surface modifi cation [2] .
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The aim of the present work was to study the effect of surface fl uorination on the adhesion characteristics of low-density polyethylene (LDPE) and rubber compounds based on butadiene-acrylonitrile rubber, and also the effect of surface sulphonation on the adhesion characteristics of LDPE.
The specimens studied were industrially produced extruded LDPE fi lms of 100 µm thickness. The following specimens were chosen as butadiene-acrylonitrile rubber compounds: RS-26 (SKN-26 rubber, fi ller P-803 carbon black), S-26 (SKN-26 rubber, fi ller BS-50 silica), NO-68-1 [mixture of SKN-18 and polychloroprene (PCP) rubbers, fi ller PM15 black]. Surface treatment of LDPE fi lms and rubber compound specimens was carried out with a mixture of 15 vol.% fl uorine with helium at 293 K by the procedure described in reference [3] , and sulphonation was carried out with sulphur anhydride with a concentration of 0.07 g/l at 323 K by an improved gas-phase procedure [4] . The intensity of action of the reagent on the LDPE fi lm and rubber compound (degree of surface modifi cation, kg/m 2 ) was monitored from the mass of fl uorine (in the case of fl uorination) or sulpho groups (in the case of sulphonation) introduced into the polymer as a result of the occurrence of reactions of substitution and addition in terms of the surface area of the polymer. The surface tension γ exp was determined experimentally by the Owens-Wendt method [5] .
Assessment of the adhesion characteristics of LDPE fi lms was carried out by the pulling of two specimens of fi lms bonded with a "Moment"-grade non-polar adhesive (with a similar surface tension to LDPE, γ calc = 32 mN/m, calculated by the method set out in reference [5] ) with a constant thickness of the adhesive of 100 µm. The force of pulling of the two fi lms was determined on an Instron tensile testing machine. Tests were conducted by the scheme given in Figure 1 , which was selected as the most acceptable of the methods known [6] .
Failure in all cases occurred by the adhesive joint without signifi cant elongation of the fi lms. The results obtained are presented in Table 1 . Table 1 indicates that the treatment of LDPE fi lms with sulphur anhydride, even with low degrees of sulphonation, with which the physicomechanical properties of the films are retained, leads to a considerable (more than tenfold) increase in the force of failure by comparison with the initial fi lms. In accordance with known theories of adhesion of polymers [2] , the obtained effect of increase in the strength of the fi lm adhesive joint is due both to an increase in the surface tension of the sulphonated LDPE surface (greater than in the case of the most polar polymers -cellulose hydrate, polyacrylonitrile, polyvinyl alcohol) and to an increase, especially at high , in the surface roughness on account of the occurrence of degradation processes in the surface layer of the fi lm up to carbonisation. In spite of the use of a non-polar adhesive (based on diene oligomers), the adhesive joint of strongly polar sulphonated LDPE fi lms is characterised by high adhesive strength, which is retained in a wide range of values.
An analysis of
In contrast to sulphonation, fl uorination naturally leads to a lower strength of the adhesive joint of fl uorinated LDPE fi lms -6 times lower by comparison with the initial fi lms, which is due to the low surface tension of the surface layer formed, similar to fl uoroplastics.
It is signifi cant and important that the start of substantial change in the force of failure of the adhesive joint corresponds to different degrees of modifi cation, which is due to the specifi c relationship between the structure of the surface layer and the properties. In the case of fl uorination, a considerable reduction in the force is observed for degrees of fl uorination of over 1.0
, and with degrees of fl uorination of over 2.0 × 10 -4 kg/m 2 it levels out at a stationary value not dependent on the degree of fl uorination of the polymer. This seems to be due to the fact that, with high degrees of fl uorination, the interaction of fl uorine with the polymer develops chiefl y deep into the polymer, while fl uorination of the surface layers practically reaches saturation, and there is no further change in the surface tension and morphology of the surface layer.
In the case of sulphonation, considerable increase in the force of failure of the adhesive joint is observed with minimum degrees of sulphonation, equal to 1.0-2.00 × 10 -4 kg/m 2 . Further increase in the degree of sulphonation may lead to an increase in the force of failure of the adhesive joint, but the results obtained have a large spread (especially at maximum degrees of sulphonation), which seems to be due to the occurrence of degradative processes up to carbonisation, which are diffi cult to monitor.
Thus, the two proposed methods of modifi cation make it possible to vary the adhesion characteristics of polyethylene in a wide range. The established laws governing directional control of the strength of adhesive joints were confi rmed on other polymers -polyolefi ns, copolymers of ethylene with vinyl acetate and vinyl chloride, polyvinyl chloride, and rubber compounds. In the latter case, of special interest is the possibility of a considerable reduction by surface fl uorination T/13 in the tribological and adhesion characteristics of rubber compounds, which is important for the reliable operation of sealed assemblies used, for example, in space, aviation, or agricultural engineering, and characterised by long periods for which the rubber is in constant stationary loaded contact with the metal surface being sealed. In light of the fact that the force of shear of rubber against metal is generally signifi cant, in this case, in contrast to LDPE fi lms, use was made of a different test layout.
The force of adhesion interaction in the "rubber-metal" pair was characterised by the displacement friction coeffi cient µ, for the determination of which a shear by tensile load test layout was chosen with two-sided contact of an extractable metal indentor with overlapping rubber specimens [6] (Figure 2 ).
With such a test layout, essentially, dry sliding friction of rubber against metal occurs. The indentors were a plate of tool steel (Jorgansen plate) of class 14 surface purity, a plate of tool steel of class 9 surface purity, and a plate of duraluminium of grade D16 with class 10 surface purity.
The displacement friction coeffi cient µ for the maximum force of displacement friction was calculated by means of the formula (1) where F m is the maximum displacement friction force (kgf) and N is the normal load (kgf).
The normal load was created by a screw clamp in which the test block with the rubber specimens was fi xed (see Figure 2) . The normal load created was calculated on the basis of the magnitude of the compression of the rubber specimens (from the change in H before and after loading) and the compression modulus. The compression modulus of the specimens was determined on a Williams plastometer.
From the test results, the dependences of the displacement friction coeffi cient on the fl uorination time of rubber specimens were determined (Figures 3-5) . Figures 3-5 it can be seen that, even for small degrees of fl uorination of the rubber specimens, corresponding to fl uorination times of 5-30 min, there is a considerable reduction in the displacement friction coeffi cient, and the curves subsequently level out into stationary sections on which the displacement friction coeffi cient hardly depends on the degree of fl uorination. Such a shape of the curves seems to be due to the fact that, even in the initial period of fl uorination, as a result of the interaction of fl uorine with rubber macromolecules, which, as is known [7, 8] , proceeds extremely vigorously, a fairly continuous fl uorinated surface layer is formed. Subsequently, as the fl uorination process develops, it does so chiefl y deep into the rubber. On the basis of this shape of the curves, for signifi cant reduction in adhesion interaction between rubber and metal, fl uorination for 20-30 min would be suffi cient. However, considering that, during service, the upper fl uorinated layer may abrade [7] , it would appear to be expedient to carry out fl uorination for 1-3 h.
On the whole, for all indentors, as a result of fl uorination a reduction in the displacement friction coeffi cient by a factor of 3-6 is achieved. This is observed to a greater degree for a "Jorgansen plate" with a surface purity of 14. It is known that the frictional force of two bodies can be expressed as the sum of adhesion and deformation components [9] . For the case of friction of rubber against metal with a surface purity of 14, the frictional force is practically equal to the adhesion component, i.e. the reduction in the displacement friction coeffi cient that is observed in this case can be attributed to a reduction in adhesion interaction between rubber and metal after the fl uorination of its surface. Such an explanation is entirely well founded, since the layer arising on the surface of the rubber as a result of fl uorination should be similar in properties to perfl uorinated polymers, which are characterised by high antiadhesion properties and low friction coeffi cient values [10, 11] . However, with such consideration, no account is taken of possible variation in the area of physical contact of rubber and metal for the fl uorinated and non-fl uorinated specimens under an identical normal load. As the present authors recently showed for the case of polyethylene fi lms [12] , surface fl uorination can lead to a considerable morphological change in surface structure.
In the case of contact of rubber with plates of tool steel and duraluminium with a surface purity of 9-10, for the fl uorinated specimens again there is a considerable reduction in the values of the displacement friction coeffi cient (Figures 3-5, curves 2 and 3) . However, these values are higher than those for a Jorgansen plate, which seems to be due to the appearance of a deformation component of the frictional force with reduction in the surface purity of the indentor. Furthermore, the higher values of the displacement friction coeffi cient in the case of contact of rubber with duraluminium as opposed to tool steel must be noted. The nature of the metal of the indentor shows itself here, it seems; i.e. the adhesion interaction of rubber with a duraluminium surface is higher than that with the surface of a tool steel plate.
Thus, the surface fl uorination of rubbers leads to a considerable reduction in the displacement friction coeffi cient against metal, which is due to a reduction in adhesion interaction between the components. At the same time, with reduction in the purity of surface treatment of the metal, the deformation components of the force of shear of the rubber in relation to the metal surface increases, which can nullify the obtained effect by reducing the adhesion component of the frictional force. 
